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A B S T R A C T  

Estrous cycles of heifers (n = 137) were synchronized with prostaglandin (PGF2~) and folli- 
cular development stimulated with follicle stimulating hormone. Twenty-eight animals were 
administered Norgestomet implants 12 hr prior to the initial PGF2a injection to suppress the LH 
surge that initiates ovulation. Animals were ovariectomized every 12 hr after the initial PGF2ct 
(7-9/time, 12-108 hr and at 192 and 240 hr post PGF2ct) and divided into three treatment groups 
to consist of: 1) animals exhibiting a normal luteinizing hormone (LH) surge (n = 86), 2) ani- 
mals in which no LH surge was detected (n = 23), and 3) suppression of the LH surge via 
Norgestomet implants (72-108 hr, n = 28). Follicular diameter was measured and follicular fluid 
was collected for analysis of prolactin, estradiol, progesterone and glycosaminoglycan concen- 
trations. Progesterone concentrations were increased in animals exhibiting an LH surge as com- 
pared to animals in which no LH surge was detected; primarily in large follicles (> 8 mm diam- 
eter) after the LH surge. Animals not exhibiting an LH surge also had increased follicular 
progesterone concentrations compared to Norgestomet-implanted animals (242.3 4- 36.3 vs 86.7 
± 6.4 ng/ml, respectively, P < .01), indicating some LH stimulation. Follicular estradiol in ani- 
mals exhibiting an LH surge increased up to the time of LH surge detection and then declined 
whereas animals with no LH surge detected had follicular estradiol concentrations that declined 
after the PGF2~ injection. No differences were noted between those that did not exhibit an LH 
surge or in which the LH surge was suppressed with Norgestomet in relation to follicular estra- 
dim concentrations. Follicular estradiol concentrations increased with follicular size in all treat- 
ment groups (P < .01). Follicular concentrations of prolactin were increased in small follicles (P 
< .05; < 4 mm diameter) and follicular prolactin increased from 12 to 36 hr post PGF2ct injec- 
tion, then declined after the LH surge. Follicular glycosaminoglycan concentrations decreased 
with increases in follicular size (P < .01) and were higher in animals that did not exhibit an LH 
surge (P < .01). No differences in fol l icular  g lycosaminoglycans  were noted between 
Norgestomet-implanted animals and those not exhibiting an LH surge. In the animals represent- 
ing days 4 and 6 of  the subsequent estrous cycle (192 and 240 hr post PGF2a),  numbers of 
small-sized follicles were increased. Follicular progesterone and estradiol concentrations were 
related to atretic large follicles unovulated from the prior estrus and a new wave of growth in 
small and medium follicles. Follicular prolactin and glycosaminoglycans increased with time of 
the new estrous cycle and were increased in smaller follicles (P < .01). Suppression of LH with 
progestin implants (Norgestomet) may relate to early effects of progesterone, which may not be 
totally eliminated at target tissues and subsequently alters the LH surge, steroidogenesis of the 
follicle, and ovulation. Oocytes were predominantly found in the follicular fluid from animals 
in which an LH surge was detected and in the buffer wash of follicles in which no LH surge was 
detected. Oocyte viability was higher in animals exhibiting an LH surge (75% viable) whereas 
the oocytes of Norgestomet-implanted animals were 75% degenerate. 
Copyright © 1994 Butterworth-Heinemann 35 0739-7240/94/$3.00 
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INTRODUCTION 

The maximum utilization of in vitro fertilization and subsequent embryo transplan- 
tation in meat animals has been limited due to biological rather than technical reasons. 
Limited understanding of the mechanisms that control follicular development, oocyte 
maturation, and ovulation has been primarily responsible for the variable results in re- 
lation to superovulatory response and small numbers of mature, fertilizable oocytes col- 
lected (1-4). Elucidation of many new ovarian hormonal growth factors (IGF-I, FGF, 
EGF, inhibins, oxytocin), immunological hormones (interleukins, thymosins, cytokines, 
tumour necrosis factors), and follicular binding proteins (follistatin, insulin-like growth 
factor binding proteins, heparin binding growth factor) have added to the complexity 
of events associated with follicle selection, growth, and ovulation. 

Glycosaminoglycans are important in the development of cell growth, differentiation 
and adhesion (5) and can modulate follicle stimulating hormone (FSH) and luteinizing 
hormone (LH) receptor responses (6-8). More recently, glycosaminoglycans are being 
viewed as important binding proteins for growth factors (heparin; 9) and cholesterol 
esters for internalization in the production of gonadal steroids (10). Low concentrations 
of glycosaminoglycans are associated with increased follicular estrogen concentrations 
(11, 12) and low progesterone content (13, 14) but increased glycosaminoglycans re- 
late to the follicular atresia (13). 

The modulatory roles of prolactin on follicular steroid production is well established 
in vitro (15-19) and mRNA for prolactin receptor has been detected in granulosa cells 
(20), but its major site of regulation (pituitary or ovary) is still poorly understood, par- 
ticularly in farm animals. 

Much of the final aspects of follicular development and secretion depend on lutein- 
izing hormone to induce steroidogenic activity, ovulation, and transformation of granu- 
losa to the luteal cells of the corpus luteum. The superovulated model to study follicular 
development seems to be typical enough to the development and ovulation of the fol- 
licle associated with the normal process (21) to be a relevant model and has the impor- 
tant advantage of providing considerably more follicles to study. The objectives of this 
investigation were to 1) monitor differences in follicular development during the estrual 
period in superovulated heifers which had a normal LH surge, no detectable LH surge, 
and in which the LH surge was suppressed with Norgestomet implant (progestin), 2) 
define the follicular size and developmental time relationships with follicular progest- 
erone, estradiol, prolactin, and glycosaminoglycans with the above treatments, 3) de- 
termine recovery and viability of oocytes in relation to the above parameters, and 4) 
monitor ovarian, follicular hormonal and oocyte viability in the early stages of the sub- 
sequent estrous cycle (days 2, 4, 6). 

MATERIALS AND METHODS 

Cycling crossbred beef heifers (16 to 18 months of age; n -- 137) were synchronized 
to estrus with prostaglandin (PGF2,; Lutalyase, UpJohn Co., Kalamazoo, MI) and supero- 
vulated with FSH-P (i.m., Burns Biotech, Omaha, NE). Animals with a palpable corpus 
luteum were initially administered PGF2, (25 mg), then on days 9 to 12 of the estrous 
cycle, injections of FSH-P were administered for 4 d (6, 3, 2, and 2 mg twice daily). Heif- 
ers with a palpable corpus luteum were injected in three 10-mg doses of PGF2ct begin- 
ning 60 hr after the initial FSH injection (time 0, 12, 24 hr; Figure 1). Animals were 
divided into three treatment groups to consist of animals that exhibited a normal LH surge 
(n = 86), animals in which no LH surge was detected in the peripheral serum samples (n 
= 23) and animals in which the LH surge was suppressed with Norgestomet implants (n 
= 28; Synchromate-B, CEVA, Overland Park, KS). Norgestomet was ear implanted at the 
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Figure 1. Changes in peripheral serum progesterone (top panel, a) and estradiol (lower panel, b) in animals 
exhibiting an ovulatory LH surge, no detectable LH surge, or in which the LH surge was inhibited with a 
progestin implant (Norgestomet). No differences were noted in the decline of progesterone concentrations 
that accompanied corpus luteum regression between the three animal groups but estradiol concentrations 
were significantly increased (P < .01) in animals exhibiting an LH surge (Figure lb). 

fifth FSH injection (-12 hr; n = 28; Figure 1) and animals were later injected with P G F ~  
(time 0, 12, 24 hr, Figure 1). Blood was sampled from animals (via the tail vein) at 12- 
hr intervals until the initial PGF2~ injection (-60 to 0 hr; Figure 1) and thereafter every 6 
hr to 108 hr for analysis o f  serum progesterone, estradiol, and LH. 

Animals  were ovariectomized every 12 hr after the initial PGF2~ (n = 7 to 9/time; 12 
to 108 hr, then at 192 and 240 hr post PGF~,  n = 34). Follicles were analyzed into the 
beginning of  next estrous cycle (192, 240 hr post P G F ~ )  as a negative control as these 
follicles left unovulated should be atretic and oocyte  quality poor. Animals  receiving 
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Norgestomet implants were ovariectomized 72, 84, 96, and 108 hr post PGF2, ~ and im- 
plants remained in the animal until removed at ovariectomy. Ovaries were weighed, ovu- 
lation points counted, and follicular diameters measured. In follicles greater than 4 mm 
diameter, follicular fluid was collected and each follicle flushed with heparinized, phos- 
phate-buffered saline (pH 7.4). In follicles 4 mm or smaller in diameter, follicular fluid 
was collected and pooled. Follicular fluid was centrifuged and frozen after oocytes were 
removed. 

Oocyte Recovery and Viability. In follicles > 4 mm diameter, follicular fluid was 
collected in either a 1- or 5-cc syringe and then the follicle was flushed with a compa- 
rable volume of heparinized phosphate buffered saline (PBS). In follicles -~ 4 mm in di- 
ameter,  foll icular  fluid was pooled for each ovary and the syringe rinsed with 
heparinized PBS to collect oocytes. 

Oocytes were initially identified in either follicular fluid or the heparinized PBS rinse 
and evaluated under a dissecting microscope. Oocytes were then fixed with acetic 
acid:methanol (1:3) and stained with 1% orecin stain in 40% acetic acid for examina- 
tion under phase contrast optics. Oocyte classification was similar to the method of 
Leibfried and First (22) and Veek (23). 

Assays. Concentrations of LH were measured in serum to determine the period of the 
LH surge (24) and differentiate treatment groups. Serum progesterone concentrations 
were measured to monitor luteal regression and measured by radioimmunoassay (RIA; 
21, 25). Serum estradiol concentrations were measured by RIA to monitor follicular 
development (21, 25). 

Estradiol and progesterone were measured in follicular fluid after diluted to 1:100 in 
PBS (21). Prolactin (20 ~tl follicular fluid) was measured by the method of Klindt et al. 
(26) as validated for bovine follicular fluid. Concentrations of glycosaminoglycans (5 Ixl 
follicular fluid) were measured by Alcian Blue method of Kubajak and Ax (27). The intra- 
and inter-assay variations for LH, estradiol, and progesterone were 3.1% and 11.7%, 7.0% 
and 16.0%, and 7.2% and 10.9%, respectively. Intra- and inter-assay variation for pro- 
lactin was 1.1% and 3.5% and for total glycosaminoglycans was 3.4% and 5.2%. 

Statistical Analysis. Hormonal changes in peripheral circulation were analyzed for 
a split-plot, completely randomized design (for repeated measurements over time; 28) 
with animal (treatment) used to test for differences in main effects. Follicular hormonal 
and oocyte data were analyzed in a similar fashion (repeated measurements within ani- 
mal) but animal(treatment x time post PGF2,~) was used as the error term for differences 
in main effects. Time after PGF2~ was analyzed in two models for follicular responses 
that consisted of 0 to 108 hr post PGF2~ and 48 to 108 hr post PGF2~ because the LH 
surge occurred after 36 hr post PGF2, ~. No LH surges were detected until the 48-hr sam- 
pling; thus from 0 to 36 hr post PGF2, ~, LH and no LH surge treatment groups could not 
be differentiated for follicular response differences. Analysis of viability or recovery of 
oocytes were by Chi-square. 

RESULTS 

Peripheral Serum--Progesterone, Estradiol, and LH During the Estrual Period. 
Seventy-nine percent of the non-implanted animals exhibited an LH surge (41.8 _ .6 hr 
post PGF2~ ) as detected in peripheral serum from the 6-hr samplings (0 to 108 hr post 
PGF2o ). Serum progesterone concentrations reveal that all animals had a regression of 
corpus luteum function after the PGF2~ injection (time 0, Figure la). Serum estradiol 
concentrations were considerably increased in animals exhibiting an LH surge (Figure 
lb), whereas animals in which no LH surge was detected or the LH surge was suppressed 
with Norgestomet implants had lower estradiol concentrations (P < .01; Figure lb). None 
of the animals implanted with Norgestomet exhibited an LH surge. 
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Figure 2. Changes in follicular progesterone concentrations (< 4, > 4 and < 8, and > 8 mm diameter) in 
animals exhibiting an LH surge (top panel, a) and those in which no LH surge was detected (lower panel, 
b). Follicular progesterone concentrations from animals exhibiting an LH surge were increased overall and 
after the LH surge (~ = 42 hr; P < .05). Large follicles had increased concentrations of  progesterone (P < 
.05). 
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Ovarian Changes During the Estrual  Period. No differences were noted between 
treatments in relation to regressing corpus luteum weights (Table 1). Total follicles 
classifed and analyzed from animals exhibiting an LH surge were 1073, 1128 from ani- 
mals not exhibiting an LH surge, and 799 from animals in which the Norgestomet im- 
plants inhibited the LH surge. Ovarian weights were increased in animals exhibiting an 
LH surge (Table 1), initially from increased follicular activity (i.e., 60 hr) and subse- 
quently from developing corpus luteum (240 hr). Prior to the initiation of ovulation, fol- 
licle numbers (> 8 mm diameter) were increased in animals exhibiting an LH surge (60 
hr); but after the period of ovulation in animals exhibiting an LH surge, those not ex- 
hibiting an LH surge tended to show increased number of unovulated large follicles (72 
to 240 hr; Table 1). 

Follicular Hormones. Follicular fluid concentrations of progesterone were increased 
in animals exhibiting an LH surge (note scale difference, Figure 2a), which was prima- 
rily represented in large follicles (P < .05; > 8 mm diameter) after the LH surge (Fig- 
ure 2a). Follicular fluid progesterone concentrations increased over time post PGF2a 
in both treatment groups (Figure 2). Comparison of follicular progesterone concentra- 
tions between animals not exhibiting an LH surge and those in which the LH surge was 
suppressed with a Norgestomet implant showed increased progesterone concentrations 
in each follicular size group in animals not exhibiting an LH surge (no detected LH surge 
vs Norgestomet implanted, respectively; 242.3 __ 36.3 vs 86.7 ± 6.4 ng/ml; P < .01), but 
no differences were noted between the two treatments over time post PGF2~ (Table 2). 

Follicular estradiol concentrations in animals exhibiting an LH surge (Figure 3a) in- 
creased up to the time of LH surge detection (R = 42 hr), then subsequently declined. 
In animals with no detectable LH surge (Figure 3b), follicular estradiol concentrations 
declined subsequent to the PGF2~ injection. Follicular fluid concentrations of estradiol 
were higher in animals in which an LH surge was exhibited; and in both groups, estra- 
diol increased with follicular size (P < .01; Figures 3a and 3b). No differences were de- 
tected in follicular estradiol concentrations between Norgestomet-implanted animals or 
in animals without a detectable LH surge (Table 2), but estradiol tended to increase with 
follicular size (P <.10). 

Overall, follicular prolactin concentrations were increased in smaller follicles and 
concentrations decreased with follicular size (small = 11.2 ± .45, medium = 10.3 ± .38, 
large = 9.7 ± .34; P < .01). Follicular prolactin increased 12 to 36 hr post-PGF2a in- 
jection and subsequently declined after the time of the LH surge (Figure 4; P < .05). No 
major differences were noted in follicular prolactin concentrations between treatments 
(LH surge v s  no detectable LH surge; Figures 4a and 4b). Follicular prolactin concen- 
trations were not different between animals that had no detectable LH surge and 
Norgestomet implanted animals. 

Follicular concentrations of glycosaminoglycans between follicular sizes and time 
after the PGF2~ injection are depicted in Figure 5. Glycosaminoglycans decreased with 
increases in follicular size (P < .01) and were higher in animals that did not exhibit an 
LH surge (P < .01), primarily in the small- (s 4 mm) and medium-sized (> 4 and s 8 
ram) follicles (Figure 5b). In animals that had no detectable LH surge or the LH surge 
was inhibited with an Norgestomet implant, glycosaminoglycans decreased with in- 
creases in follicular size (Table 2) but there were no differences between the two treat- 
ments. Changes in glycosaminoglycans in small follicles were curvilinear whereas linear 
in medium and large size follicles (Figure 5; P < .01). 

Follicular/Hormonal Changes During the Subsequent Estrous Cycle (days 1 to 
6). Large unovulated follicles were noted in both response groups (LH surge and no de- 
tectable LH surge) four to six d into the next estrous cycle (Table 1). Follicular num- 
bers increased over time particularly in the small-size (,c 4 mm diameter) group (P < .01; 
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Figure 3. Follicular estradiol changes in animals exhibiting an LH surge (top panel, a) and those not 
exhibiting an LH surge (lower panel, b). In animals exhibiting an LH surge, follicular estradiol 
concentrations increased up to the time of the LH surge (X = 42 hr) and follicular estradiol concentrations 
were greater than concentrations from follicles of animals not exhibiting an LH surge (P < .01). Follicular 
estradiol concentrations increased with follicular size (diameter) in both groups (P < .01). 
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Figure 4. Changes in follicular prolactin concentrations (< 4, > 4 and < 8, and > 8 mm diameter) in animals 
exhibiting an LH surge (top panel, a) and those not exhibiting an LH surge (lower panel, b). Follicular 
prolactin concentrations decreased in both animal groups after the prostaglandin injection (Time 0; P < .05) 
and was increased in small follicles (< 4 mm diameter; P < .01). No major differences were noted between 
the two animal groups (LH surge/no detectable LH surge). 
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Figure 5. Follicular glycosaminoglycan changes in animals exhibiting an LH surge (top panel, a) and those 
not exhibiting an LH surge (lower panel, b). Overall concentrations of glycosaminoglycans were increased 
in animals not exhibiting an LH surge, primarily in the small- (< 4 ram) and medium-sized (> 4 and s 8 
ram) follicles. Glycosaminoglycans decreased in concentration with increases in follicular size in both 
animal groups (P < .01). 
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days 4 and 6 of subsequent cycle; Table 1). Differences between treatments were pri- 
marily in the large follicular size group (> 8 mm diameter) in which animals not exhib- 
iting an LH surge had a residual group of unovulated follicles still on the ovaries through 
the post ovulatory period (P < .05). 

Follicular progesterone concentrations (all follicles) were higher for animals exhib- 
iting an LH surge (132.4 ± . 2  v s  70.9 ± .3; P < .05) as compared to animals without a 
detectable LH surge. Significant size differences in relation to follicular progesterone 
concentrations were also detected (small, 89.4 ± .2; medium, 108.0 ± .6; large, 178.1 ± 
.5 ng/ml; P < .01). Treatment x time x size interaction differences (P < .01) were pri- 
marily after the LH surge in large follicles (Table 3) and later increases in follicular 
progesterone representing the subsequent luteinization of an unovulated follicles in both 
the LH surge and no detectable LH surge groups. 

Changes in follicular fluid estradiol at 1 to 6 d into the subsequent estrous cycle ex- 
hibited significant treatment x time x size interaction, primarily at day 1 in which me- 
dium- and large-sized follicles were still increased in estradiol (Table 3), probably from 
the prior FSH/LH stimulation and day 4 large follicles from the next follicular wave. In- 
creases in medium-sized follicles in animals not exhibiting an LH surge at day 6 also had 
higher estradiol concentrations compared to follicles from animals exhibiting a prior LH 
surge (P < .05). Overall mean concentration for estradiol was not different for treatment. 

Follicular prolactin concentrations were not different between animals exhibiting and 
not exhibiting an LH surge in the early stages of the next estrous cycle. Follicular pro- 
lactin concentrations increased over time in both treatment groups (P < .01; Table 3). 
Follicular size differences of increased prolactin concentrations were detected only in 
the small follicular populations on day 6 (treatment x time x size; P < .01). Significant 
differences in glycosaminoglycans (P < .01) were noted in relation to follicular size 
(small, 1862.7 ± 1.0; medium, 1113.9 _+ 1.2; large, 881.6 ± .5) in which small-sized fol- 
licles had increased glycosaminoglycan concentration throughout the times monitored 
(Figure 5). There was a tendency for follicular glycosaminoglycans to increase over time 
in animals that had no detectable LH surge (P < .05; Table 3) whereas animals that had 
an LH surge were relatively stable. Animals that did not exhibit an LH surge had in- 
creased follicular glycosaminoglycan concentrations, predominantly in small and me- 
dium follicles (Figure 5). 

Oocyte Recovery. Recovery of oocytes from follicular fluid of small follicles gen- 
erally exceeded 90% (Tables 4 and 5; buffer wash of < 4 mm diameter follicles only rep- 
resents rinsing of  syringe). Although animals not exhibiting an LH surge showed 
increased numbers of oocytes in the follicular fluid of small follicles (Table 4), when 
combined with oocytes from the buffer wash of the syringe, few differences were noted 
between treatments. Collection of oocytes in the follicular fluid of medium follicles (> 
4 and < 8 mm diameter) was considerably reduced as compared to small follicles (-: 4 
mm diameter) and the majority of oocytes were found in the buffer rinse of medium fol- 
licles (Table 5). Generally, animals not exhibiting an LH surge had increased numbers 
of oocytes from medium follicles in the buffer rinse as compared to those exhibiting an 
LH surge (Table 5). In large ovulatory follicles (> 8 mm diameter), animals exhibiting 
an LH surge had increased numbers found in the follicular fluid whereas in animals not 
exhibiting an LH surge, oocytes were predominantly found in the buffer flush of the fol- 
licle (Tables 4 and 5). Overall oocytes were predominantly found in the follicular fluid 
from animals in which an LH surge was detected and in the buffer wash of the follicle 
in animals in which no LH surge was detected (52.0 v s  34.7%; P < .05). Oocyte recov- 
ery was highest in small follicles (94.1 ± 1.7%) v s  medium (68.1 _+ 1.7%) or large fol- 
licles (62.7 ± 2.0%). Foll icular progesterone concentra t ions  were increased in 
Norgestomet-implanted animals in which no oocytes were recovered as compared to 
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50 WISE AND MAURER 

animals in which no LH surge was detected (344.7 ± 63.3 v s  107.3 ± 15.3 ng/ml, respec- 
tively; P < .05). Otherwise, follicular estradiol prolactin and glycosaminoglycans were 
not different between no detectable LH surge and Norgestomet-implanted animals. No 
trend was detected with animals that exhibited an LH surge or with no LH surge in re- 
lation to follicular progesterone concentration and no recovery of oocytes. No differ- 
ences in follicular estradiol or prolactin levels were detected in relation to recovery of 
oocytes in animals in which an LH surge and no LH surge were detected. Overall fol- 
licular progesterone and glycosaminoglycans were increased when oocytes were col- 
lected from the foll icular  fluid as compared to the buffer  rinse of  the foll icle 
(progesterone 234.1 ± 19.6 v s  106.6 ± 13.1 ng/ml; P < .01), but more likely reflected 
developmental changes associated with general maturation of the follicles and treatment 
effects than any aspect of recovery of the oocytes (Figures 2 and 5). 

Oocyte Viability. Oocyte viability increased with follicular size in animals exhibit- 
ing an LH surge or in which no LH surge was detected, but decreased in viability with 
follicular size in the group in which the LH surge was suppressed with Norgestomet 
implants (Table 6). Oocytes from Norgestomet-implanted animals were 75% degener- 
ate whereas oocytes from animals exhibiting an LH surge were 75% viable. Viability 
of oocytes was better in medium (> 4 and < 8 mm diameter) and large follicles (> 8 mm 
diameter) from animals exhibiting an LH surge than those in which no LH surge was 
detected or the LH surge was suppressed with Norgestomet implants (Table 6). In both 
treatments that had no LH surge, follicular progesterone concentrations were increased 
in follicles with degenerate oocytes (Table 7), particularly in the later stages of the es- 
trual period (72-108 hr, Figure 2). Follicular fluid estradiol concentrations were in- 
creased in follicles producing viable oocytes in both animals exhibiting an LH surge and 
those not exhibiting an LH surge, primarily in medium and large follicles (Figure 3). 
Although follicular fluid prolactins were increased in follicles producing degenerate 
oocytes (15.8 ± 1.2 v s  13.4 ± 1.1 ng/ml), few differences were noted between treatments 
or quality of oocytes (Figure 4). Follicular glycosaminoglycans were increased in fol- 
licles producing degenerate oocytes in the LH surge treatment group (Table 7; Figure 
5). Overall increased concentrations of glycosaminoglycans in treatments that did not 
exhibit an LH surge (no detectable LH or Norgestomet implanted; Figure 5) may also 
be related to the decreased viability of oocytes in these treatment groups and subse- 
quently mask differences detected in the LH surge group (1203.6 ± 21.9 (P < .1) and 
1221.6 ± 10.8 (P < .01) vs 1148.9 ± 24.9 Ixg/ml, respectively). 

DISCUSSION 

There is an important link between the FSH-induced estrogen response to the qual- 
ity and quantity of follicles that eventually leads to the production of high quality oo- 
cytes (3, 29). The follicular estradiol and peripheral estradiol trends and concentrations 
are quite different in animals exhibiting an LH surge and those that do not (Figures 1 
and 3). Not only is the production of estradiol dependent on granulosa response to FSH 
(3) but also LH (Figure 3) is required for maximal production of estradiol (30, 31). De- 
viations from low follicular progesterone and high estradiol concentrations can alter the 
estradiol surge and LH peak with fewer oocytes maturing to useful stages (32-34) al- 
though other work shows high levels of progesterone and low levels of estradiol are best 
for in vitro maturation of oocytes (35). By 72 hr after PGF2~ injection, follicular estra- 
diol concentrations have decreased (21, 36). Without the preovulatory stimulation of LH, 
estradiol concentrations do not attain ovulatory values in follicles (Figure 3b). Follicu- 
lar estradiol concentrations in the subsequent estrous cycle (days 1 to 6) are low and 
most likely represent the effect of various stages of follicular atresia (Table 3), but in- 
creases in estradiol in medium-size follicles in animals that did not exhibit an LH surge 
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TABLE 7. FOLLICULAR FLUID DIFFERENCES OF ESTRADIOL, PROGESTERONE, PROLACTIN, AND GLYCOSAMINOGLYCANS 

IN VIABLE AND DEGENERATE OGCYTES. 

Oocytes Estradiol a (n) Progesterone a (n) Prolactin a (n) Glycosaminoglycans b (n) 

LH surge detected 
Viable 33.5 ± 2.8 c (237) 154.7 ± 26.2 d (261) 14.0 • 1.1 (284) 1038.4 ± 24.1 c (240) 
Degenerate 28.9 ± 2.5 (212) 251.3 ± 23.4 (224) 15.8 ± 1.2 (235) 1091.7 ± 21.6 (199) 

No LH surge detected 
Viable 40.5 ± 5.1 (186) 48.2 ± 36.6 d (205) 12.7 ± 1.2 (219) 1069.6 ± 55.0 (191) 
Degenerate 35.0 ± 4.7 (173) 103.5 ± 39.6 (181) 15.8 ± 2.4 (195) 1024.0 • 22.4 (163) 

"Mean ± SE, ng/ml. 
bpg/ml. 
cp < .05. 
dp < .01. 

in the prior cycle may represent the first wave of follicular growth in the next estrous 
cycle. 

Increased progesterone impacts heavily on follicular function in that LH stimulation 
required for steroid synthesis is altered and ovulation inhibited as in Norgestomet-im- 
planted animals (Table 3). Reduced fertility when progestin implants are utilized to syn- 
chronize animals to estrus (37, 38) may be related to the progestin effects on LH 
stimulation that accompanies follicular development prior to ovulation. As 20% of the 
animals sampled did not demonstrate an LH surge or subsequent ovulation, it was origi- 
nally hypothesized that enough progestin may be present (peripheral or follicular) to 
either inhibit the LH surge or alter its pattern enough where ovulation, oocyte quality, 
and fertility would be decreased. Synthetic progestins do not mimic corpus luteum func- 
tion and altered profiles of LH have been documented from synthetic progestins, which 
leads to abnormal development of follicles (39). The increased follicular progesterone 
concentrations in animals that did not exhibit an LH surge compared to Norgestomet- 
implanted animals in which the LH surge was suppressed (Table 2; no detectable LH 
surge v s  Norgestomet implanted, 242.3 ± 36.3 v s  86.7 ± 6.4 ng/ml; P < .01) indicates 
some LH stimulation, even though inadequate for ovulation. In Norgestomet-implanted 
animals, little LH stimulation of progesterone synthesis was noted (Table 2). It is thought 
that increased progesterone concentrations from either the LH contamination in the FSH 
preparation or possibly stress of handling produces abnormal LH profiles (33) and pre- 
vents the estradiol-induced LH surge in conjunction with producing asynchrony of oo- 
cyte maturation (32, 40). Animals in this study that had no detectable LH surge had 
neither increased peripheral (Figure 1) nor follicular progesterone (Figure 2) concen- 
trations that might indicate a possible reason the LH surge was suppressed. After the 
LH surge (~ = 42 hr post PGF2~ ), progesterone has started to increase in follicles (84 
to 108 hr) to indicate initiation of the luteinization process and subsequent atresia of 
unovulated follicles (Figure 2a). Increases in follicular progesterone concentrations (96 
to 108 hr) and the early days of the subsequent estrous cycle from animals not exhibit- 
ing an LH surge most likely indicate unovulated follicles undergoing atresia (Figure 2b; 
Table 3; 41) but are considerably lower than follicular progesterone from animals ex- 
hibiting an LH surge. Oocytes collected from these follicles for in vitro fertilization 
would hardly be expected to be high quality oocytes as lack of LH stimulation for oo- 
cyte maturation is associated with degenerate oocytes in cattle (42) and the majority of 
these oocytes were degenerate. Alternatively, high follicular fluid progesterone concen- 
trations are related to increased probability of oocyte recovery after aspiration (4). 

Bovine prolactin concentrations decreased with increases in follicular size and as the 
follicular phase advanced, which is similar to reports in humans (43-45) but contrary 
to the report of Henderson et al. (46) with bovine follicles. The decline in follicular pro- 
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lactin comes 18-24 hr after the LH surge is probably not directly induced by the LH 
surge although pituitary release of LH at ovulation may have also caused a coordinate 
release of prolactin. Prolactin has been shown to inhibit progesterone biosynthesis (16, 
47, 48), estrogen production (17, 49, 50) and inhibit luteinization of granulosa cells (19). 
Thus, an inverse relationship between follicular progesterone and prolactin concentra- 
tions has been documented (15, 46, 51, 52) and supported in this study. Contrary to other 
results (53, 54), Bevers et al. (55) found no prolactin receptors in bovine granulosa cells 
and bromocriptine treatment did not alter the ovulatory development of follicles. Dusza 
et al. (56) noted no effect on peripheral progesterone concentrations after prolactin ad- 
ministration to gilts and sows, but bromocriptine reduced prolactin levels and growing 
follicles in sheep (57). Hyperprolactinemia can interfere with ovarian function and re- 
sults in infertility in women (58, 59). Porcine and rat granulosa cells are stimulated by 
prolactin in vitro (60, 61) but differences in response may heavily depend upon devel- 
opmental maturity of the follicle (16, 62). There may be differences of responses in vivo 
as compared to in vitro as follicular steroids and prolactin may modulate granulosa cell 
function (63). 

Prolactin will also inhibit follicular estradiol production (17, 49, 50, 64), but estra- 
diol will stimulate pituitary prolactin synthesis (65). Prolactin release and synthesis are 
estrogen dependent. Thus, a positive correlation of follicular/peripheral estrogens and 
prolactin may also be expected (66, 67). In this study, follicular prolactin concentrations 
were inversely related to progesterone concentrations (Figure 2b) and paralleled estro- 
gen concentrations (Figures 3 and 4). In the subsequent cycle (days 2 to 6; Table 3) pro- 
lactin concentrations increase with time and were highest in concentration in the smallest 
follicles. Prolactin has a modulatory role in small follicles but few effects on larger fol- 
licles (62) and may explain the increases in prolactin in small follicles during the sub- 
sequent estrous cycle (Table 3). Inhibitory effects of prolactin on granulosa synthesis 
of estrogens seems to be from inhibiting the induction of the aromatase enzyme via FSH 
stimulation (64, 68), thus increased prolactin in small follicles may limit estrogen syn- 
thesis in small follicles in the subsequent cycle (Table 3). As well as the effects of pro- 
lactin on follicular development and granulosa function, the role prolactin plays in 
oocyte maturation may be inhibitory or stimulatory (69, 53, 70). Increased follicular 
prolactin inhibits plasminogen activity and subsequently interferes with rupture of ovu- 
latory follicles (71), thus increased concentrations of prolactin noted in small follicles 
seems functionally valid. It is unknown whether prolactin exerts its anti-gonadal effect 
at the ovarian level (18) or hypothalamic-pituitary axis (72) but hyperprolactinamemia 
is associated with reduced ovarian function (44, 59, 73). 

As noted by other reports (14, 74, 75), glycosaminoglycans decrease with increases 
in follicular size (Figure 5). Low concentrations of glycosaminoglycans have been re- 
ported to be associated with follicles with high estrogen (11, 12) and low progesterone 
content (13, 14) and synthesis of follicular glycosaminoglycans is partially under the 
control of progesterone (76, 77). Also, HCG/LH inhibits glycosaminoglycan synthesis 
(76) and FSH stimulates synthesis (78-80). Glycosaminoglycans tend to be increased 
in animals that did not exhibit an LH surge (Figure 5b) and low glycosaminoglycans 
were associated with increased estradiol (LH surge animals). Conversely, animals that 
exhibited high follicular estradiol had also increased follicle progesterone content, par- 
tially related to the LH surge; thus, the control aspects of glycosaminoglycan synthe- 
sis of the follicle is not clear in response to the superovulation treatment. Follicular 
glycosaminoglycans in animals that had the LH surge inhibited with a progestin implant 
were comparable to those that exhibited no LH surge (Table 2). Follicular glycosami- 
noglycans are playing an ever enlarging role in follicular and oocyte maturation (81- 
83) and as binding proteins for growth factors (9) may be a regulator of follicular 
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development (11). Effects of follicular glycosaminoglycans are not limited to granulosa 
cells as concentrations of glycosaminoglycans may have an effect on oocyte maturation 
and subsequent fertilization rates. When the major component of follicular glycosami- 
noglycans, dermatan sulfate (> 75%) exceeds an 800 ~tg/ml concentration, in vitro fer- 
tilization rates decrease (84). Increased concentrations of glycosaminoglycans are 
associated with atretic follicles. Concentrations of glycosaminoglycans in small follicles 
(Figure 5) and in follicles of the subsequent estrous cycle (days 1 to 6; Table 3) would 
be assessed to be atretic (follicular fluid exceeds 800 ttg/ml of glycosaminoglycans). 

Oocyte viability from animals in which no LH surge was detected fell between those 
that exhibited an LH surge and those in which the LH surge was suppressed with proges- 
tin implants and thus may indicate some LH stimulation even though no LH surge was 
detected or ovulations noted. Deviations in normal progesterone on LH profiles during 
the estrual period leads to poor egg/embryo quality (32). The mean number of degen- 
erating oocytes were less if collected while serum estradiol levels were increasing (85), 
but this study showed viability was good in medium and large follicles long after folli- 
cular estradiol concentrations decreased. High progesterone and low estrogen concen- 
trations in follicular fluid are also indicative of granulosa ceils that are not undergoing 
cell division in the preovulatory follicle (86) and are probably in some stage of lutein- 
ization/atresia. The increased numbers of degenerate oocytes (medium and large fol- 
licles; Tables 6 and 7) were related to increased follicular progesterone content primarily 
at the later stages of the estrual period (72 to 108 hr post PGF2~ injection; Figure 2). 
Small follicles from animals that exhibited an LH surge had surprising poor oocyte vi- 
ability 48 to 72 hr post PGF2~ injection (Table 6). This may be related to aspects of 
asynchrony of activation of cumulus and oocyte maturation (87) as compared to animals 
with no detectable LH surge in which oocytes would be stabilized as immature. 

Although different mechanical techniques have been analyzed in relation to procur- 
ing oocytes (follicular aspiration, slicing of ovary, and collagenase treatment), aspects 
of follicular hormones, sizes, and time of the estrous period on recovery are largely un- 
known. The complexity of events leading to the requirement of recovery of a viable oo- 
cyte for in vitro fertilization is outlined by Greer et al. (4). Heifers exhibiting an LH 
surge produce an increased recovery rate of oocytes (32, 88). This is only partially sup- 
ported in this study in that ooeytes were primarily collected in the follicular fluid of ani- 
mals exhibiting an LH surge and the buffer wash from animals with no detectable LH 
surge (Tables 4 and 5), which may indicate differences in release of oocytes. Total num- 
bers of follicular oocytes recovered (follicular fluid + buffer rinse of follicles) did not 
differ between treatments. As follicular size increased in animals exhibiting an LH surge, 
oocytes were predominantly found in the follicular fluid from aspiration, but in animals 
with no detectable LH surge, oocytes were found in the buffer rinse of the follicle. 
Callesen et al. (40) suggest that low recovery rate from animals without an LH surge is 
due to increased oocyte fragility from the abnormal follicular microenvironment (ab- 
normal follicular steroids associated with degenerate follicles) but intact, viable oocytes 
were recovered with buffer washes of follicles (Table 5) in animals that had no detect- 
able LH surge and supports differences in release of the oocyte from the stimulation of 
LH. Follicular fluid progesterone content was related to recovery of an oocyte. As fol- 
licular fluid progesterone content increased, oocyte recovery decreased as reported by 
Greer et al. (4). 

In these experiments, the importance of the LH surge on follicular maturation, ste- 
roidogenesis, synthesis of glycosaminoglycans and ovulation was delineated in conjunc- 
tion with oocyte recovery and viability. Inhibition of the LH surge with progestin 
implants (Norgestomet) produces similar results to animals in which no LH surge was 
detected, although progestin implants were more effective at reducing follicular proges- 
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terone concentrations and decreasing recovery and viability of oocytes. Increases in fol- 
licular prolactin and glycosaminoglycans in the early days of the subsequent estrous 
cycle may be indicative of follicular atresia or lack of gonadotropin stimulation of fol- 
licles during this phase of the estrous cycle. Follicular glycosaminoglycan concentra- 
tions have been reported as a marker for follicular atresia (11, 13). Viability and recovery 
of oocytes were highly associated with the LH surge. 

The elimination of the LH surge either normally or artificially with progestin implants 
results in different follicular secretory patterns of steroids and glycosaminoglycans with 
an end result which may be an increase in poor quality oocytes and lowered recovery. 
The decrease in fertility associated with estrous synchronization with progestins (even 
though synthetic progestins are thought to be cleared prior to estrus) as opposed to pros- 
taglandins may be related to the altered gonadotrophin effect on follicular development, 
estrogen/progesterone synthesis, and ovulation. 

ACKNOWLEDGEMENTS/FOOTNOTES 

1Mention of names is necessary to report factually on available data; however, the USDA neither guar- 
antees nor warrants the standard of the product, and the use of the name by USDA implies no approval of 
the product to the exclusion of others that may also be suitable. 

:'The authors are grateful to D. J. Taubenheim, C. Huebert, and R. Dana for technical assistance and to 
L. Parnell for stenographic assistance. 

3Correspondence and Reprints: Dr. T. H. Wise, USDA-ARS, U.S. Meat Animal Research Center, P.O. 
Box 166, Clay Center, NE 68933-0166; Ph: 402/762-4185, FAX 402/762-4148. 

4Deceased, December 1989. 

REFERENCES 

1. Yadav MC, Walton JS, Leslie KE. Timing of the onset and duration of ovulation in superovulated beef 
heifers. Theriogenology 26:509-519, 1986. 

2. Boland MP, Goulding D, Roche JF. Alternative gonadotrophins for superovulation in cattle. 
Theriogenology 35:5-17, 1991. 

3. Savio JD, Bongers H, Drost M, Lucy MC, Thatcher WW. Follicular dynamics and superovulatory 
response in holstein cows treated with FSH-P in different endocrine states. Theriogenology 35:915-929, 
1991. 

4. Greer RC, Staigmiller RB, Parrish JJ. Female traits, ovary and follicle characteristics, and the conditional 
probability of normal oocyte development after superovulation of beef cows. J Anita Sci 70:263-272, 
1992. 

5. Dietrich CP, Sampaio LO, DeOca HM, Nader HB. Role of sulfated mucopolysaccharides in cell 
recognition and neoplastic transformation. Ann Acad Brasil Cienc 52:179-186, 1980. 

6. Salomon Y, Amir Y, Azula R, Amsterdam A. Modulation of adenylate cyclase activity by sulfated 
glycosaminoglycans. I. Inhibition of heparin of gonadotropin-stimulated ovarian adenylate cyclase. 
Biochem Biophys Acta 554:262-272, 1978. 

7. Nimrod A, Lindner HR. Heparin facilitates the induction of LH receptors by FSH in granulosa cells 
cultured in serum-enriched medium. FEBS Lett 119:155-157, 1980. 

8. Campbell KL, Valiquett TR. Do nonhormonal macromolecules cause correlated alteration of granulosa 
cell responses to FSH in vitro? Biol Reprod 26 [Suppi 1]:102 (Abstr.), 1982. 

9. Higashiyama S, Abraham JA, Miller J, Fiddes JC, Klagsbrun M. A heparin-binding growth factor 
secreted by macrophage-like cells that is related to EGF. Science 251:936-939, 1991. 

10. Bosner MS, Gulick T, Riley DJS, Spilburg CA, Lange LG. Receptor-like function in the binding and 
uptake of neutral lipids. Proc Natl Acad Sci 85:7438-7442, 1988. 

11. Ax RL, Bellin ME. Glycosaminoglycans and follicular development. J Anita Sci 66 [Suppl 2]:32, 1988. 
12. Franchimont P, Hazee-Hagelstein MT, Hazout A, Gysen P, Salat-Baroux J, Schatz B, Demerle F. 

Correlation between follicular fluid contents and the results of in vitro fertilization and embryo transfer. 
IIl. Proteoglycans. Biol Reprod 43:183-190, 1990. 

13. Bellin ME, Ax RL. Chondroitin sulfate: An indicator of atresia in bovine follicles. Endocrinology 
114:428-434, 1984. 

14. Bushmeyer SM, Bellin ME, Brantmeier SA, Boehm SK, Kubajak CL, Ax RL. Relationships between 
bovine follicular glycosaminoglycans and steroids. Endocrinology 117:879-885, 1985. 

15. McNatty KP, Sawers RS, McNeilly AS. A possible role for prolactin in control of steroid secretion by 
the human Graafian follicle. Nature 250:653-655, 1974. 



56 WISE AND MAURER 

16. Veldhuis JD, Klase P, Hammond JM. Divergent affects of prolactin upon steroidogenesis by porcine 
grannlosa cells in vitro: Influence of cytodifferentiation. Endocrinology 107:42-46, 1980. 

17. Dorrington JH, Gore-Langton RE. Prolactin inhibits oestrogen synthesis in the ovary. Nature 290:600- 
602, 1981. 

18. Uilenbroek JThJ, Van Der Schoot P, Den Besten D, Lankhorst RR. A possible direct effect of prolactin 
on follicular activity. Biol Reprod 27:1119-1125, 1982. 

19. Adashi EY, Resnick CE. Prolactin as an inhibitor of grannlosa cell luteinization implications for 
hyperprolactinemic-associated luteal phase dysfunction. Fertil Steril 48:131-139, 1987. 

20. Einspanier R, Pitzel L, Wuttke W, Hagendorff G, Preub KD, Kardalinou E, Scheit KH. Demonstration 
of mRNAs for oxytocin and prolactin in porcine granulosa and luteal cells. FEBS Lett 204:37-40, 1986. 

21. Wise TH, Vernon MW, Maurer RR. Oxytocin, prostaglandins E and F, estradiol, progesterone, sodium, 
and potassium in preovulatory bovine follicles either developed normally or stimulated by follicle 
stimulating hormone. Theriogenology 26:757-778, 1986. 

22. Leibfried L, First NL. Characterization of bovine follicular oocytes and their ability to mature in vitro. 
J Anim Sci 48:76-86, 1979. 

23. Veek LL. Atlas of the human oocyte and early conceptus. Williams and Wilkins. Baltimore, MD. 1986. 
24. Echternkamp SE. Stimulation of estrogen and luteinizing hormone secretion in postpartum beef cows. 

J Anim Sci 47:521-531, 1978. 
25. Maurer RR, Echternkamp SE. Hormonal asynchrony and embryonic development. Theriogenology 

17:11-22, 1982. 
26. Klindt J, Leymaster KA, Jenkins TG. Relationships between some estimates of growth hormone and 

prolactin secretion and rates of accretion of constituents of body gain in rams. Anim Prod 41:103-111, 
1985. 

27. Kubajak CL, Ax RL. Measurement of glycosaminoglycans in ovarian follicular fluid using Alcian blue 
dye. In: Proc. 5th Ovarian Workshop, Toft DO and Ryan RJ (eds.). p. 497-501, 1985. 

28. SAS. SAS Users Guide: Statistics. SAS Institute, Inc. Cary, NC. 1985. 
29. Tsuji K, Sowa M, Nakano R. Relationship among the status of the human oocyte, the 1715 estradiol 

concentration in the antral fluid and the follicular size. Endocrinol Jpn 30:251-254, 1983. 
30. England BG, Webb R, Dohmer MK. Follicular steroidogenesis and gonadotrophin binding to ovine 

follicles during the estrous cycle. Endocrinology 109:881-887, 1981. 
31. Merz EA, Hauser ER, England BG. Ovarian function in the cycling cow: Relationship between 

gonadotropin binding to theca and granulosa and steroidogenesis in individual follicles. J Anita Sci 
52:1957-1968, 1981. 

32. Callesen H, Greve T, Hyttel P. Preovulatory endocrinology and oocyte maturation in superovulated 
cattle. Theriogenology 25:71-86, 1986. 

33. Goff AK, Greve T, Bousquet D, King WA. Progesterone and luteinizing hormone profiles in heifers 
used as oocyte donors. Theriogenology 26:577-586, 1986. 

34. Hyttel P, Callesen H, Greve P. Ultrastructure features of preovulatory oocyte maturation in superovulated 
cattle. J Reprod Fertil 76:645-656, 1986. 

35. Grimes RW, Matton P, Ireland JJ. The relationship of concentration of steroids in follicular fluid + 
atresia and oocyte maturation in vitro. Biol Reprod 32 [Suppl 1 ]:136 (Abstr.), 1985. 

36. Ireland JJ, Roche JF. Development of antral follicles in cattle after prostaglandin-induced luteolysis: 
Changes in sera hormones, steroids in follicular fluid and gonadotropic receptors. Endocrinology 
111:2077-2086, 1982. 

37. Hansel W, Donaldson LE, Wagner WC, Brunner MA. A comparison of estrous synchronization methods 
in beef cattle under feedlot conditions. J Anita Sci 25:497-503, 1966. 

38. Chenault JR, McAllister JF, Kasson CW. Synchronization of estrus with melengestol acetate and 
prostaglandin F2ct in beef and dairy heifers. J Anita Sci 68:296-301, 1990. 

39. Kojima N, Stumpf TT, Cupp AS, Werth LA, Roberson MS, Wolfe MW, Kittok RJ, Kinder JE. 
Exogenous progesterone and progestins as used in estrous synchrony regimens do not mimic the corpus 
luteum in regulation of luteinizing hormone and 17lS-estradiol in circulation of cows. Biol Reprod 
47:1009-1017, 1992. 

40. Callesen H, Greve T, Hyttel P. Premature ovulations in superovulated cattle. Theriogenology 28:155- 
166, 1987. 

41. Kruip ThAM, Dieleman SJ. Steroid hormone concentrations in the fluid of bovine follicles relative to 
size, quality, and stage of the oestrous cycle. Theriogenology 24:395-408, 1985. 

42. Wise T, Grizzle JM, Maurer RR. Relationships of oocyte quality and IGF-1 in follicular fluid during 
the estrual period in cattle and effects of pre-estrual progestins. In: Signaling Mechanisms and Gene 
Expression in the Ovary, Gabori G (ed.). Springer-Verlag, New York, p. 304-309, 1991. 

43. McNatty KP, Hunter WM, McNeilly AS, Sawers RS. Changes in the concentration of pituitary and 
steroid hormones in the follicular fluid of human Graafian follicles throughout the menstrual cycle. J 
Endocrinol 64: 555-571, 1975. 



OOCYTE QUALITY AND FOLLICULAR HORMONES 57 

44. McNatty KP. Follicular fluid. In: The Vertebrate Ovary: Comparative Biology and Evolution, Jones RE 
(ed.). Plenum Press, New York, p. 215-259, 1978. 

45. McNatty KP, Gibb M, Dobson C, Thurley DC, Findley JK. Changes in the concentrations of 
gonadotrophie and steroidal hormones in the antral fluid of ovarian follicles throughout the oestrous 
cycle of the sheep. Aust J Biol Sci 34:67-80, 1981. 

46. Henderson KM, McNeilly AS, Swanston IA. Gonadotrophin and steroid concentrations in bovine 
follicular fluid and their relationship to follicle size. J Reprod Fertii 65:467--473, 1982. 

47. Soto EA, Tureck RW, Strauss JF IIL Effects of prolactin on progestin secretion by human granulosa 
cells in culture. Biol Reprod 32:541-545, 1985. 

48. Lee MS, Ben-Rafael Z, Meloni F, Mastroianni L Jr, Flickinger GL. Effects of prolactin on 
steroidogenesis by human luteinized granulosa cells. Fertil Sterii 46:32-38, 1986. 

49. Wang C, Hsueh AJW, Erickson GF. Prolactin inhibition of estrogen production by cultured rat granuiosa 
cells. Mol Cell Endocrinol 20:135-144, 1980. 

50. Tsai-Morris CH, Ghosh M, Hirshfield AM, Wise PM, Brodie AMH. Inhibition of ovarian aromatase 
by prolactin in vivo. Biol Reprod 29:342-346, 1983. 

51. Bohnet HG, Baukloh V. Prolactin concentrations in follicular fluid following ovarian hyperstimulation 
for in vitro fertilization. Horm Res 22:189-195, 1985. 

52. Cutie E, Andino NA. Prolactin inhibits the steroidogenesis in midfollicular phase human granulosa cells 
cultured in a chemically defined medium. Fertii Steril 49:632-637, 1988. 

53. Nolin JM. Incorporation of endogenous prolactin by granulosa cells and dictyate oocytes in the 
postpartum rat: Effects of estrogen. Biol Reprod 22:417--422, 1980. 

54. Dunaif AE, Zimmerman EA, Friesen HG, Frantz AG. Intracellular localization of prolactin receptor and 
prolactin in the rat ovary by immunocytochemistry. Endocrinology 110:1465-1471, 1982. 

55. Bevers MM, Dieleman S J, Kruip ThAM. Chronic treatment with bromocryptine during the oestrous 
cycle of the cow: Evidence that prolactin is not involved in preovulatory growth. Anim Reprod Sci 
17:21-32, 1988. 

56. Dusza L, Tilton JE, Weigi RM. Prolactin administration during luteal and follicular phase of the oestrous 
cycle of gilts. J Reprod Fertil 67: 161-172, 1986. 

57. Cahill LP, Oldham CM, Cognie Y, Ravault JP, Mauleon P. Season and photoperiod effects on follicles 
and atresia in the sheep ovary. Aust J Biol Sci 37:71-77, 1984. 

58. Kauppila A, Leinonen P, Vihko R, Ylostalo P. Metaclopramide-induced hyperprolactinemia impairs ovarian 
follicle maturation and corpus luteum function in women. J Clin Endocrinol Metab 54:955-960, 1982. 

59. Kauppila A, Kirkinen P, Orava M, Vihko R. Effects of metaclopramide-induced hyperprolactinemia 
during early follicular development on human ovarian function. J Clin Endocrinol Metab 59:875-881, 
1984. 

60. Rajkumar K, Klingshorn PJ, Chedrese PJ, Murphy BD. Proactin, LH and estradiol-17[~ in utilization 
of lipoprotein substrate by porcine granulosa cells in vitro. Can J Physioi Pharmaco166:561-566, 1988. 

61. Fortune JE, Vincent SE. Prolactin modulates steroidogenesis by rat granulosa cells: 1. Effects on 
progesterone. Biol Reprod 35:89-91, 1986. 

62. Kawagoe S, Hiroi M. Involvement of prolactin in the control of follicular maturation. Gynecol Obstet 
Invest 29:51-55, 1990. 

63. Veldhuis JD, Klase PA, Hammond JM. Sex steroids modulate prolactin action in spontaneously 
luteinizing porcine granulosa cells in vitro. Endocrinology 108:1463-1468, 1981. 

64. Fortune JE, Wissler RN, Vincent SE. Prolaetin modulates steroidogenesis by rat granulosa cells: II. 
Effects of estradiol. Biol Reprod 35:92-99, 1986. 

65. Jordan UC, Koch R. Regulation of prolactin synthesis in vitro by estrogenic and anti-estrogenic 
derivatives of estradiol and estrone. Endocrinology 124:1717-1726, 1989. 

66. Lamberts SWG, Uitterlinden P, Zuinderwijk-Roest JM, Bons-van Evelingen EG, de Jong FH. Effects 
of a luteinizing hormone releasing hormone analog and tamoxifen on the growth of an estrogen-induced 
prolactin-secreting rat pituitary tumor and its influence on pituitary gonadotropins. Endocrinology 
108:1878--1884, 1981. 

67. Saade G, London DR, Clayton RN. The interaction of gonadotropin-releasing hormone and estradiol 
on luteinizing hormone and prolactin gene expression in female hypogonadal (hpg) mice. Endocrinology 
124: 1744-1753, 1989. 

68. Larsen JL, Bhanu A, Odell WD. Prolactin inhibition of pregnant mares' serum stimulated follicle 
development in the rat ovary. Endocrinol Res 16:449-459, 1990. 

69. Baker TG, Hunter RHF. Interrelationships between the oocyte and somatic cells within the Graafian 
follicle of mammals. Ann Bioi An Biochem Biophys 18:419-426, 1978. 

70. Channing CP, Evans VW. Stimulatory effect of ovine prolactin upon cultured porcine granulosa cell 
secretion of inhibitory activity of oocyte maturation. Endocrinology 111:1746-1751, 1982. 

71. Yoshimura Y, Maruyama K, Shiraki M, Kawakami S, Fukushima M, Nakamura Y. Prolactin inhibits 
plasminogen activator activity in the preovulatory follicles. Endocrinology 126:631-636, 1990. 



58 WISE AND MAURER 

72. McNeilly AS. Prolactin and the control of gonadotrophin secretion in the female. J Reprod Ferti158:537- 
549, 1980. 

73. Wise PM. Effects of hyperprolactinemia on estrous cyclicity, serum luteinizing hormone, prolactin, 
estradiol, and progesterone concentrations and catecholamine activity in microdissected brain areas. 
Endocrinology 118:123%1245, 1986. 

74. Franchimont P, Demoulin A, Valcke JC. Endocrine, paracrine and autocrine control of follicular 
development. Horm Metab Res 20:193-203, 1988. 

75. Tsuiki A, Preyer J, Hung TT. Fibronectin and glycosaminoglycans in human preovulatory follicular fluid 
and their correlations to follicular maturation. Human Reprod 3:425-429, 1988. 

76. Gebauer H, Lindner HR, Amsterdam A. Synthesis of heparin-like glycosaminoglycans in rat ovarian 
slices. Biol Reprod 18:350-358, 1978. 

77. Bellin ME, Velhuis JD, Ax RL. Follicular fluid glycosaminoglycans inhibit degradation of low density 
lipoproteins and progesterone production by porcine granulosa cells. Biol Reprod 37:1179-1184, 1987. 

78. Mueller PL, Schreiber JR, Lucky AW, Schulman JD, Rodbard D, Ross GT. Follicle-stimulation hormone 
stimulates ovarian synthesis of proteoglycans in the estrogen-stimulated hypophysectomized immature 
female rat. Endocrinology 102:824-831, 1978. 

79. Schweitzer M, Jackson .IC, Ryan RJ. The porcine ovarian follicle. VIll. FSH stimulation of in vitro [3H]- 
glycosamine incorporation into mucopolysaccharides. Biol Reprod 24:332-340, 1981. 

80. Yanagishita M, Hascall UC, Robard D. Biosynthesis of proteoglycans by rat granulosa cells cultured 
in vitro: Modulation by gonadotropins, steroid hormones, prostaglandins and a cyclic nucleotide. 
Endocrinology 109:1641-1649, 1981. 

81. Eppig J. Ovarian glycosaminoglycans: Evidence for a role in regulating the response of the oocyte- 
cumulus cell complex to FSH. Endocrinology 108:1992-1994, 1981. 

82. Sato E, lshibashi T, Koide SS. Prevention of spontaneous degeneration of mouse oocytes in culture by 
ovarian glycosaminoglycans. Biol Reprod 37:371-376, 1987. 

83. Sato E, Miyamoto H, Koide SS. Glycosaminoglycans in porcine follicular fluid promoting viability of 
oocytes in culture. Mol Reprod Dev 26: 391-397, 1990. 

84. Bellin ME, Ax RL, Laufer N, Tarlatzis BC, DeCherney AH, Feldberg D, Haseltine FP. 
Glycosaminoglycans in follicular fluid from women undergoing in vitro fertilization and their 
relationship to cumulus expansion, fertilization and development. Fertil Steril 45:244-248, 1986. 

85. Ben-Rafael Z, Kopf GS, Blasco L, Flinckinger GL, Tureck RW, Struss JF, Mastroianni L. Maturation 
parameters associated with the failure of oocyte retrieval, fertilization and cleavage in vitro. Fertil Steril 
45:51-57, 1986. 

86. Ben-Rafael Z, Varello MA, Meloni F, Fateh M, Mastroianni L, Flinckinger GL. Flow cytometric analysis 
of deoxyribonucleic acid in human granulosa cells form in vitro fertilization cycles: Relationships to 
oocyte maturity and fertilizability and to follicular fluid steroids. J Clin Endocr Metabol 65:602-605, 
1987. 

87. Wise T, Suss U, Stranzinger G, Wuthrich K, Maurer RR. Cumulus and oocyte maturation and in vitro 
and in vivo fertilization of oocytes in relation to follicular steroids, prolactin and glycosaminoglycans 
throughout the estrous period in superovulated heifers with a normal LH surge, no detectable LH surge 
and progestin inhibition of the LH surge. Domest Anim Endocr 11:59-86, 1994. 

88. Stubbings RB, Liptrap RM, Basrur PK. The assessment of follicular parameters for selection of oocytes 
recovered from superovulated heifers. Anim Reprod Sci 23:181-195, 1990. 


